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Introduction
Gastric cancer (GC) is one of the most common malignancies and an important cause of mortality worldwide, especially in Asia (e.g., China, Japan, and South Korea) [1] , with about 42% of all cases occurring in China. The prognosis of GC is currently determined primarily on the bases of clinical data and the pathologic stage of the patient at the time of diagnosis and treatment [2, 3] . Recent surgical, chemotherapeutic, immunologic, and radiation approaches have resulted in significant improvements in survival of patients with localized disease [4] ; However, the successful management of patients with GC is still hampered by a lack of highly sensitive and specific biomarkers capable of predicting prognosis and the likelihood of metastasis [5] . Etiological studies have suggested that environmental factors, including diets high in salted and nitrated foods, tobacco use, alcohol consumption, and Helicobacter pylori infection are all highly associated with GC [6] [7] [8] . However, only some people exposed to the same environmental risk factors eventually develop GC, suggesting that genetic factors may also be involved in the etiology of this disease.
MicroRNAs (miRNAs) are small, non-coding RNA molecules 19-25 nucleotides long that regulate gene expression by transcriptional repression of mRNA functions [9] . MiRNAs can negatively regulate expression of their target genes by hybridizing to incomplete complementary sequences in the 3′-untranslated region (UTR) of the mRNA, resulting in degradation of the target mRNA or repression of mRNA translation [10, 11] . Their potential effects on miRNA expression and the subsequent impact on mRNA transcription mean that miRNA single nucleotide polymorphisms (SNPs) or miRNA-related SNPs, such as SNPs in the miRNA-binding sites in the 3′-UTR of their target genes, have been implicated as crucial genetic factors in susceptibility to various cancers [12] [13] [14] . Epigenetic alterations, including aberrant DNA methylation changes, may also play an important role in gastric carcinogenesis, as indicated by the increased hyper methylation of tumor suppressor genes in patients with GC [5] . Given their important functions in cancer initiation and progression, methylation changes are currently being investigated as potential biomarkers for early cancer detection, and prediction of cancer progression and chemotherapeutic sensitivity. A recent study found that significant methylation changes in PSMD10, which encodes gankyrin, were more frequent in gastric carcinoma and GC with metastasis compared with normal samples, suggesting that PSMD10 may act as a tumor suppressor gene, as well as an oncogene, as previously reported [15, 16] . Gankyrin was initially purified and characterized by Tanaka and coworkers as the p28 component of the regulatory subunit of the 26S proteasome, which is an ATP-dependent protease responsible for the degradation of proteins [17] . Ectopically expressed gankyrin was shown to bind retinoblastoma protein (Rb), but not the pRb-related proteins p107 and p130 in vitro and in vivo, providing an initial glimpse into the role of gankyrin in tumorigenesis [18] . Overexpression of gankyrin also conferred tumorigenicity to NIH/3T3 cells and inhibited apoptosis in cultured human tumor cells exposed to chemotherapeutic agents [19] .
We therefore considered that the role of gankyrin in tumorigenesis might be affected by genetic factors. No SNPs have yet been identified in PSMD10. We therefore investigated SNPs in the 3′-UTR using bioinformatics software (http://www.bioguo.org/miRNASNP/). We detected candidate SNPs that could affect PSMD10 gene regulation via miRNAs. We identified rs111638916 as the only SNP potentially regulated by miR-505 and further investigated its allele distribution in a case-control study.
Materials and Methods
Study subjects A total of 857 GC cases from Changzhou Cancer Hospital of Soochow University (Changzhou, Jiangsu Province, China) and sex-and age-matched 748 controls were included in this study. Patients were consecutively recruited between February 2010 and January 2014 at Changzhou Cancer Hospital. All cases are incident ones during enrollment of the current case-control study. The diagnosis of all patients was histological confirmed. A face-to-face questionnaire was administered to collect demographic data and environmental exposure information, including alcohol use and cigarette consumption status as well as family cancer history. Subjects who smoked one cigarette per day for more than one year were considered as smokers. Individuals were considered as alcohol drinkers, if they drank at least once every week. 60 pairs of GC tissues and adjacent normal tissues to the tumors were obtained from surgically removed specimens of patients. The normal tissues sampled at least 2cm away from the margin of the tumor. At recruitment, the informed consent was obtained from each subject. All participants have provided their written informed consents to participate in this study. This study was approved by the institutional Review Board of Changzhou Cancer Hospital.
Genotype
The rs111638916 G>A polymorphism was genotyped through the PCR-restriction fragment length polymorphism (RFLP) method as described previously. The PCR reactions were carried out in a total volume of 5 μL containing TaqMan Universal Master Mix, 80X SNP Genotyping AssayMix, Dnase-free water and 10-ng genomic DNA. The PCR conditions were 2 min at 50°C, 10 min at 95°C, followed by 40 cycles at 95°C for 15 sec and 60°C for 1 min. The 384-well ABI 7900HT Real Time PCR System. A 10% random sample was reciprocally examined by different persons, and the reproducibility was 100%.
Real time PCR assay
Real time polymerase chain reaction (RT-PCR) was performed to determine whether the G to A mutation changed the expression level of Gankyrin. The amplification conditions were 95°C for 10 minutes, followed by 40cycles of 95°C for 30 seconds, 55°C for 40seconds, and 72°C for 30 seconds, and finally 4°C for 30 minutes for cooling as described [14] .
Cell lines and cell culture GC cell lines SGC-7901 and MKN-45 were purchased from the Chinese Academy of Sciences Cell Bank. All cells were cultured in Dulbecco's Minimum Essential Medium (DMEM) purchased from Gibco (CA, USA) supplemented with 10 % fetal bovine serum (Invitrogen, Carlsbad, USA) and grown in humidified 5 % CO2 at 37˚C. MiR-505 mimics and normal control were obtained from Genepharma (Shanghai, China).The transfection was conducted by using Lipofectamine 2000 (Invitrogen Corp, CA, USA).
Prediction of miRNAs binding to the SNP
We conducted the bioinformatics analysis (http://www.bioguo.org/miRNASNP/) to predict the related SNPs in the 3'UTR of Gankyrin. For the SNPs in miRNA seed regions, two different methods were used to predict the target sites for the wild-type miRNAs and SNP-miRNAs. These resulted in four groups of target gene data, which are recorded as WT (target genes of wild-type miRNAs processed by TargetScan), WM (target genes of wild-type miRNAs processed by miRanda), ST (target genes of SNP-miRNAs processed by TargetScan), and SM (target genes of SNP-miRNAs processed by miRanda). If one miRNA/target pair exists in both WT and WM, but not in either ST or SM, we called this miRNA/target pair loss. On the contrary, if one miRNA/target pair was predicted in both ST and SM, but neither in WT nor WM, we defined the SNP-miRNA gained the target gene. In addition, for each miRNA/target loss or gain pair, we obtained the sequence (±50 bp) of target site and used RNAhybrid to calculate the minimum hybridization energy of the miRNA-target interaction. Generally, more energy change would affect the miRNA-target interaction more sharply. The binding energy changes between wild-type miRNA/target and SNP-miRNA/target were provided in our database as additional information for users making further judgments.
Construction of luciferase-based reporter plasmids
A full length fragment of the 3'UTR containing either G or A allele of rs111638916 was amplified. The PCR product was cloned into the pGL3-promoter luciferase-based plasmid (Promega, CA, USA). The amplified fragment was verified by DNA sequencing.
Dual-luciferase reporter assay
For luciferase activity analysis, SGC-7901 and MKN-45 cells were co-transfected with 100ng of luciferase reporter constructs 5ng of the β-gal control plasmid and 10 pmol of miRNAs with 1 µl lipofectamine 2000 according to the manufacturer's instructions (Invitrogen, NY, USA). After incubation for 48h, we carried out the luciferase assay using the luciferase reporter assay system (Promega, Madison, WI) according to the manufacturer's protocol. Measurements of luminescence and absorbance of β-gal were performed on a luminometer (Glomax 20/20; Promega). Three independent experiments were performed in triplicate.
Results
The differences in the distribution of the selected variables among GC cases and controls are shown in Table 1 . There were no significant differences in age (P = 0.628), sex (P = 0.758), and parental smoking status (P = 0.537) between the case and control groups, but alcohol consumption was more common among cases than controls (P=0.029). As expected, Table 1 . Frequency distributions of selected variables in patients and cancer-free controls. *Two-sided chi-square test for either genotype distributions or allele frequencies between cases and controls a family history of cancer was also more common among patients than controls (P < 0.0001). However, all the above variables were further adjusted for any residual confounding effect in the subsequent multivariate logistic regression analysis.
The genotype distributions of PSMD10 rs111638916 G>A in cases and controls are presented in Table 2 . The genotype distribution in the controls was in agreement with the Hardy-Weinberg equilibrium, and the distributions differed significantly between the case and control groups (P < 0.0001). Univariate logistic regression analysis showed an OR of 2.39 and a 95%CI of 1.25-1.82 for frequency of the GA genotype between the two groups, and an OR of 1.32 and a 95% CI of 1.15-2.44, respectively, for the AA genotype. The result was more significant in the dominant model (OR = 2.10, 95%CI = 1.27-1.79, P < 0.0001), given that the combined genotype CT/TT was associated with an increased risk of GC.
We also observed an association between the rs111638916 polymorphism affected the binding affinity of miR-505 with the 3′-UTR in the PSMD10 mRNA, thus affecting post-transcriptional regulation and leading to abnormal expression of gankyrin.
Discussion
Gankyrin is an oncoprotein and a component of the 19S regulatory cap of the proteasome. It contains a series of α-helices with a 33-amino acid ankyrin repeat [20, 21] . Gankyrin is involved in the cell cycle through protein-protein interactions with the cyclin-dependent kinase CDK4 [22] . It also binds closely to the E3 ubiquitin ligase MDM2, which regulates the degradation of p53 and Rb protein, both of which are transcription factors involved in tumor suppression and which are mutated in many cancers.
Several reports have revealed that the gankyrin gene is overexpressed and acts as an oncogene in many tumors including liver cancer, colorectal cancer, breast cancer, and cholangiocarcinoma [21] [22] [23] [24] . Most observations have been made in liver cancer and gankyrin overexpression is known to occur in most hepatocellular carcinomas. An increase in gankyrin expression in hepatocytes was one of the earliest molecular events in a chemical model of liver carcinogenesis [20, 25] . However, knockdown of PSMD10 expression in hepatocellular carcinoma can result in reduced cell growth, enhanced pRb dephosphorylation, and caspase 8-and/or caspase 9-mediated apoptosis. In addition, disturbances in the balance between cell division and apoptosis by gankyrin overexpression during hepatic regeneration, causing inactivation of pRb and elimination of p53, could provide a mechanism for hepatocarcinogenesis. Gankyrin has also demonstrated a tumorigeneisis-promoting role in breast cancer. It was identified in normal breasts and was overexpressed in invasive breast cancers, and its overexpression was associated with extensive intraductal carcinoma and 
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ErbB2 expression [26] . In addition, gankyrin deletion abrogated the increased metastatic potential of breast cancer cells under hypoxic conditions, partly through regulating E-cadherin [27] . Gankyrin was also found to maintain the stemness of colorectal cancer and control stem cell behavior by regulating the expression of stemness factors. Significant correlations were observed between gankyrin, vascular endothelial growth factor, and Nanog in colorectal adenomas [28] .
MiRNAs not only negatively regulate expression of their target genes at the posttranscriptional level through binding to the 3′-UTRs of their target mRNAs [29] [30] [31] , but are also affected by SNPs in the 3′-UTR region. SNPs in the 3′-UTR region of a gene may affect the impact of miRNA on post-transcriptional regulation in relation to complex diseases. Increasing evidence indicates that SNPs located in miRNA-binding sites can decrease or increase target-mRNA translation through affecting miRNA binding to their target genes, and may be associated with susceptibility to cancers [14, 32] . In the present study, we predicted that the rs111638916 SNP in the 3′-UTR of the PSMD10 gene would affect the binding efficiency of miR-505. Furthermore, increased PSMD10 gene expression demonstrated a reduced suppressive effect of miR-505, providing support for increased gankyrin expression in human GC.
In conclusion, our findings have shown that the SNP rs111638916 in Gankyrin 3'-UTR, through disrupting the regulatory role of miR-505 in Gankyrin expression, rs111638916 in Gankyrin might act as a protective factor in the pathogenesis of GC.
